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A.  Scientific  Progress  Achieved 


I  The  determination  of  large  cross  section  vortex  rings  and  bubbles 
with  swirl .  I  have  been  able  to  determine  analytically  vortex 
rings  and  bubbles  with  swirl  via  the  Stokes  stream-function 
from  an  isoperimetric  variational  viewpoint  extending  my 


previous  work . j  I  have  begun  (with  a  postdoctoral  student) 
implementing  my  approach  numerically. 

II.  Vortex  Breakdown  and  Bifurcation.  I  have  been  able  to  utilize 
my  ideas  in  (I)  above  to  study  bubble-type  (B  type)  vortex 
breakdown  in  terms  of  bifurcation  between  axisymmetric  sub- 
critical  and  supercritical  equilibria. 

III. fn.eapfroqqing  of  Vortex  Rings.  In  the  case  of  thin  vortex 


rings  I  have  been  able  to  establish  analytically  the 
Hamiltonian  formulation  and  the  calculus  of  variati 
(large  amplitude  study  of  strictly  periodic  relative  motion 


of  (thin)  vortex  rings)  (joint  work  with  a  Ph.D.  student). 

I V .  A  New  Type  of  Bifurcation  for  Time-Dependent  Partial  Differential 
Equations  with  Periodic  Forcing.  I  discovered  a  type  of  bi¬ 
furcation  for  nonlinear  parabolic  systems  of  p.d.e.  (like  the 
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